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Abstract 
This study investigated the performance of stop consonant production of Cantonese-
speaking cochlear implant users. Fourteen subjects with cochlear implant ranged in age 
from 4;3 to 5;9 years old were compared to 14 matched hearing children. All participants 
were required to produce 75 words, containing initial stops /p, p
h
, t, t
h
, k, k
h
/ and final stops 
/-p, -t, -k/, in a picture naming task. The percentages of error in stop productions of 
cochlear implanted subjects were comparable to that of normal children with similar 
hearing experience. Cochlear implanted subjects used not only developmental and 
nondevelopmental phonological rules, but also unusual rules that were not reported in 
normal hearing children. Substantial variability in stop productions was found in cochlear 
implanted users. 
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Auditory input is an important element in acquisition of speech sounds. Auditory 
deprivation adversely affects the speech acquisition (Molina, Huarte, Cervera-Paz, 
Manrique, & Garcia-Tapia, 1999). Ertmer & Stark (1995) reported that hearing impaired 
children had incomplete prelinguistic vocal development, which contributes to delay in 
emergence of meaningful speech and restrictions in phonological development. Speech 
development of children with hearing impairment was of great interest because of their 
different auditory experience compared with normal hearing children. Previous studies 
found that children with profound hearing loss frequently have delayed or disorder speech 
production pattern, and thus demonstrate a variety of deviant speech abilities (Tobey, 1993). 
With advancement of the technology, cochlear implant has become an important mean for 
hearing impaired children to gain access to spoken language. A cochlear implant is an 
electronic device that functions as a sensory aid, converting mechanical sound energy into a 
coded electric stimulus that directly stimulates the remaining auditory neural elements, 
bypassing damaged or missing hair cells of the cochlear. With the mechanism, patients with 
profound or total hearing loss who cannot receive adequate help with a hearing aid may 
benefit from a cochlear implant. With prominent benefits reported, early cochlear 
implantation was suggested as a cost effective procedure that allows deaf children to fit into 
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a typical school (Geers & Brenner, 2003). Cochlear implantation has been generalized as a 
standard treatment for severe-to-profound hearing impairment. 
Researchers found that profoundly deaf children with cochlear implants 
demonstrate improved accuracy in pronunciation (Dawson et al., 1995), increase in 
phonetic repertoires and consonant features and eventually improve overall speech 
intelligibility (Osberger, Maso & Sam, 1993; Tobey, Pancamo, Staller, Brimacobe & Beiter, 
1991). Chin (2002) investigated the variation within and between individual phonological 
systems of pediatric cochlear implant users. There are few research studies describing the 
phonological abilities of hearing impaired Cantonese-speaking children, except Dodd & So 
(1994) reported on children who wore conventional hearing aids and Law & So (2006) 
compared the phonological abilities of children with cochlear implant and hearing aids. In 
addition, there has been no study investigating the specific details of the linguistic systems 
being developed by Cantonese-speaking children with cochlear implant, either from a 
relatively clinical point of view or from a relatively theoretical point of view.  
In this study, specific details in the stop consonants production of the Cantonese 
speaking children with cochlear implant have been investigated. This study is of interest 
because Cantonese is one of the Chinese dialects which is widely used around the world, 
and spoken by over 40 million speakers worldwide (Bauer & Benedict, 1997). It is also a 
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language with a different phonological structure to that of European languages in terms of 
phonotactic structure, number of contrastive consonants and aspiration contrast. In addition, 
Cantonese is a tonal language that tone contrast carry different lexical meaning. In 
Cantonese, there are six contrastive tones and three stopped tones. The six contrastive tones 
are high level (55), high rising (25), midlevel (33), low fall (21), low rise (23), and low 
level (22). The three stopped tones are level tones delivered with a final stop /-p/, /-t/, or /-
k/. There are 19 initial consonants in Cantonese, including six stops /p, p
h
, t, t
h
, k, k
h
/, two 
labilized stops /k
w
, k
wh
/, three fricatives /f,s,h/, two affricates /ts, ts
h
/, three nasal /m, n, ŋ/ 
and three approximant /l, j, w/. Stops are put in a high priority to be investigated because 
they form the largest group and are the one of the earliest sound classes to be acquired in 
Cantonese. There are totally six initial stops which make up nearly one-third of the initial 
consonants and three final stops make up half of final consonants. Table 1 shows the initial 
and final stops in Cantonese. Stop consonants in Cantonese are divided into three categories 
according to the place of articulation (labials, alveolars, velars) and are further contrasted 
by the presence or absence of aspiration. Law & So (2006) reported that the bilabial 
unaspirated /p/ is the only errorless sound produced by the hearing impaired children. This 
indicates that hearing impaired children are still experiencing significant difficulty in stop 
productions. Acquisition of stops is important for development of affricates in Cantonese, 
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as an affricate is the combination of a stop consonant and a fricative. In addition, failure in 
contrasting aspiration feature in Cantonese, unlike English, leads to confusion in word 
meaning. Stops are the only speech sounds other than affricates that is distinguished by 
aspiration. This study provides a comprehensive description and discussion of the stop 
consonant production pattern of Cantonese-children with cochlear implant. With increasing 
understanding of how the phonological systems of these children operate, assessment and 
remediation of cochlear implant users could be refined and improved.  
Table 1. Cantonese initial and final stops. 
 Labials Alveolars Velars 
Initial stops            p        p
h 
          t            t
h 
         k             k
h 
Final stops                -p -t -k 
According to Dodd & So (1994) and Law & So (2006), Cantonese children with 
hearing loss used both developmental and nondevelopmental phonological rules that are 
reported in Cantonese-speaking hearing children. Law & So (2006) reported that 
profoundly hearing-impaired children had more accurate productions of visible consonants 
than consonants occurring in the mid or posterior regions of the mouth. In this study, we 
predicted the following: 
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 Cantonese-speaking cochlear implant users would have poorer stop production 
than that of hearing children with the same chronological age, but have 
comparable performance with that of younger hearing children with similar 
hearing experience. 
 The phonological processes used by the Cantonese-speaking cochlear implant 
users would be the same as those used by the hearing children. However, both 
developmental and nondevelopmental phonological processes were expected in the 
productions of the subjects with cochlear implant as stated in Dodd & So (1994) 
and Law & So (2006).  
 Specifically, subjects with cochlear implant were expected to produce more 
accurately in the stops with more visible, anterior places of articulation than those 
with less visible, posterior velar and palatal configurations. In addition, more 
errors were expected for aspirated stops /p
h
, t
h
, k
h
/ than their unaspirated 
counterparts /p, t, k/ in the production of subjects with cochlear implant because of 
abnormal timing relationship which was a commonly cited problem in the speech 
of profoundly hearing impaired children (Tobey et al., 1991).  
 In this study, it was expected the performance in stop production of cochlear 
implanted children would vary across vowel contexts. Donaldson & Kreft (2006) 
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suggested that hearing impaired children have better consonant-recognition 
performance in back vowels than that in front vowels. However, Dubno, Dirk, & 
Schaefer (1987) argued that better performance was observed in stops with /a/ and 
/u/ context while poorer in /i/ contexts. 
Method 
Participants 
Fourteen Cantonese-speaking cochlear implant (CI) users and 14 Cantonese-
speaking hearing children with normal development were recruited to participate in this 
study. Table 2 shows the descriptive information of the grouping in this study. For the CI 
group, seven of them received cochlear implantation for 2;5 to 2;8 years (M = 2;6 years) 
while the remaining seven subjects received cochlear implantation for more than 4;3 years 
ranging from 4;10 to 5;2 years (M = 5;0). All of the participants in the CI groups were aged 
above 4;3 years old, by which age Cantonese-speaking hearing children should have 
acquired all the target stops in this study. The age of the CI participants ranged from 4;3 to 
8;7 years (M = 5;9 years).   The cochlear implant users were diagnosed to have congenital, 
bilateral profound hearing loss and received multichannel cochlear implantation (Nucleus 
24 ESPrit3G or MED-EL Combi 40). Table 3 provides their unaided and aided pure tone 
averages for left and right ears, degree of hearing loss and duration of using cochlear 
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implantation (noted as CI experience).  For the normal developing group, all the subjects 
were perfectly matched with the sex and duration of CI experience of the CI participants 
(i.e. A 4;3 boy with 2;8 years CI experience was matched with a normal developing 2;8 
years old boy). Apart from deafness in the CI groups, all of the subjects recruited had no 
known disorders as reported by school and parent reports.  
Table 2. Descriptive information of the subject groups 
Group No. of subjects Age CI experience 
NS 7 2;5-2;8 years NA 
CIS 7 >4;3 years 2;5-2;8 years 
CIL 7 >4;3  years >4;3 years 
NL 7 >4;3 years NA 
Note. CIS =  hearing-impaired children with shorter hearing experience with cochlear 
implant; CIL = hearing-impaired children with longer hearing experience with cochlear 
implant; NS = normal hearing children with younger age; NL = normal hearing children 
with older age. 
* A 4;3 years old normal hearing children was expected to acquire all the initial and final 
stops in this study.  
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Table 3. Descriptive information for subjects with cochlear implantation 
Group P CA Sex AF 
CI 
exp. 
Unaided level 
dB HTL 
Aided level 
dB HTL 
AI CI device 
PTA (R) PTA (L) PTA (R) PTA (L) 
CIS* A 4;3 M 1;6 2;8 120 120 45 105 1;0 MED-EL Combi 40 
B 4;3 F 1;11 2;5 115 110 45 45 1;0 Nucleus 24 ESPrit  
C 4;3 F 1;11 2;5 115 120 50 50 0;0 Nucleus 24 ESPrit  
D 4;7 M 2;2 2;5 110 115 50 50 1.7 Nucleus 24 ESPrit  
E 4;10 M 2;5 2;5 95 95 48 48 0;4 Nucleus 24 ESPrit  
F 4;10 M 2;3 2;7 105 110 52 52 0;5 Nucleus 24 ESPrit  
G 5;4 F 2;8 2;8 107 93 48 48 0;0 Nucleus 24 ESPrit  
 
CIL* H 6;4 M 1;6 4;10 105 117 37
 
37
 
0;0 Nucleus 24 ESPrit  
I 6;4 M 1;6 4;10 110 115 45 45 1;0 Nucleus 24 ESPrit  
J 6;6 M 1;7 4;11 108 120 55 35 0;0 Nucleus 24 ESPrit  
K 6;7 M 1;5 5;2 110 110 40 40 1;0 MED-EL Combi 40 
L 6;10 F 1;11 4;11 105 110 48 48 0;0 Nucleus 24 ESPrit  
M 7;1 M 1;5 5;2 110 110 50 50 0;8 Nucleus 24 ESPrit  
N 8;7 F 3;5 5;2 115 110 45 45 0;0 Nucleus 24 ESPrit  
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Note. P= participant; CA=chronological age; M=male, F=female; PTA=pure-tone average 
of thresholds at 500, 1000, and 2000Hz; HTL=Hearing threshold; CI exp.= hearing 
experience with cochlear implant; DHL=degree of hearing loss; AF=age of fitting cochlear 
implant. 
* refer to Table 1 for the notation of the group CIS and CIL. 
Procedures 
Children were assessed in a quiet room by a final-year speech language pathology 
student clinician. The data collection started after the children explored the environment 
and were happy to cooperate. A picture naming task was administered to elicits production 
of the 76 words containing initial stops /p, p
h
, t, t
h
, k, k
h
/ and final stops /-p, -t, -k/ in 
Cantonese. The total number of consonant tokens targeted for production is 85. All the 
stops were elicited for one to four times for each vowel context.  
Data Analysis 
All sessions were audio-recorded for subsequent phonetic transcription. The 
subjects‟ productions were transcribed using the International Phonetic Alphabet 
(International Phonetic Association [IPA], 1999) within two days after the sessions. Ten 
percent of the data will be re-transcribed by the same final year student clinician about two 
weeks after the first transcription to determine the intra-rater reliability. Another ten percent 
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of the data was transcribed independently by another final year student clinician for 
evaluating inter-rater transcription reliability. The intra- and inter-rater reliability across 
transcriptions will be calculated by dividing the number of agreements about the occurrence 
of speech sounds by the total number of sounds produced and multiplied by one hundred. 
Intra-rater transcriptions showed 98.7% agreement and inter-rater transcription showed 
97.8% agreement. Disagreements were resolved by consensus, with the two transcribers 
auditing the tape recordings together. All analyses used the consensus transcription.  
The data collected was analyzed to provide a profile of phonetic inventories and 
correspondence patterns. A phoneme was judged to be part of the child‟s phonetic 
repertoire if it was used correctly at least twice. The corresponding patterns were analyzed 
in variation in error production within the same target phoneme and in different vowel 
contexts. 
Results 
All the subjects, including both CI subjects and normal hearing subjects, had a complete 
phonetic inventory of initial and final stop consonants. The percentages of errors for each 
initial and final stop consonants are shown in the table 4.  
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Table 4. The percentages of errors for each initial stops produced by the cochlear implant 
users and normal children 
Target Total no. of trials Percentage error (%) 
 
Initial consonants 
Cochlear Implant (CI) Normal (N) 
CIS * CIL * NS * NL * 
p 77 3.9  0 0 0 
p
h 
63 23.8 0 23.8 0 
t 77 14.2 0 0 0 
t
h 
70 22.9 0 21.4 0 
k 70 40.0 0 30.0 0 
k
h 
70 42.9 0 45.7 0 
Total 427 24.1 0 19.2 0 
Final consonants 
_p 42 4.8    0 9.5 0 
_t 56 12.5 3.6  8.9 0 
_k 70 5.7  0 2.9  2.9  
Total 168 7.7 1.2  6.5 1.2  
* Refer to Table 1 for the notation of the groups CIS, CIL, NS, and NL. 
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The percentage errors for initial stops made by the CI groups and normal hearing 
groups were compared. An independent t-test showed a statistically significant difference 
between the CI groups (CIS and CIL), t(12) = 2.535, p<0.05. The group with longer CI 
experience (CIL) performed significantly better in initial stop production than that of the 
group with shorter CI experience (CIS). No statistically significant difference in percentage 
error of initial stops was found neither between the CIS and NS group, t(12)=0.191, p>0.05 , 
nor the CIL and NL, t(12)=0, p>0.05. The performance of initial stop production of CI 
subjects is comparable with that of hearing children with similar hearing experience. No 
error was found in initial stop productions in the CIL and NL group. The percentage error 
for final stops made by the CI groups and normal groups were compared using an 
independent t-test. No statistically significant difference was found among all the groups.  
However, subject groups with shorter hearing experiences (CIS, NS) had higher percentage 
error comparing with those had longer hearing experience (CIL, NL). For final stop 
productions, CIS and NS groups had 7.7% and 6.5% error respectively and both CIL and 
NL had only 1.2% error production.  As CIL and NL groups showed no error production in 
both initial and final stops, the following discussion will focus on the stop production of the 
CIS and NS groups. 
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Table 5. Phonological processes used in CI children and normal developing children. 
Phonological process CIS NS 
1 2 3 4 5 6 7 1 2 3 4 5 6 7 
Initial stops               
Developmental rules               
fronting + + +   +   + +  + +  
aspiration  + +            
deaspiration + + +   +  +    + +  
affrication  +    +  +       
Non-developmental rules               
backing + + +     +       
gliding   + +            
initial consonant deletion  + +            
frication + +             
Unusual rules               
/h/ repl. for aspirated IC* + + +            
labilization   +            
nasalization  +             
               
Final stops               
Developmental rules               
fronting          +     
Final consonant deletion  +  +        +   
backing  +  +           
               
* /h/ replacement for aspirated initial consonant (e.g. /p
h
/[h]) 
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The phonological rules used in initial and final stops by the CIS and NS groups are 
shown in Table 5. The first four rules in the initial stops are the developmental 
phonological rules used by hearing children whereas the next four rules are non-
developmental phonological rules reported in normal hearing children (So & Dodd, 1994; 
Cheung, 2000). Both CIS and NS group used only the developmental phonological rules in 
final stops, the three rules listed are the phonological processes used by hearing children 
reported in (So & Dodd, 1994; Cheung, 2000). 
Table 6. Error production of initial stops of CI children 
   
Target 
  Response 
p p
h
 t t
h
 k k
h
 k
w
 ts f m h w  
p 74 3            
p
h 
7 47 2   1  1 2 1 1  1 
t   66 5 3 1      1 1 
t
h 
2 2 6 55 2      3 1  
k  1 18  42 1 1 2   1 3 1 
k
h 
 2 14 6 5 40    3    
There are three categories of place of articulation in Cantonese initial stops, 
including labial (/p, p
h
/), alveolar (/t, t
h
/), and velar (/k, k
h
/). Table 6 presented the error 
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production of the initial stops by Cantonese-speaking cochlear implant users. Productions 
with correct articulatory places were regarded as correct production with manner errors 
ignored. Percentage of errors of the stops with articulation in labial, alveolar and velar 
region were 5.7%, 10.2%, and 37.1% respectively as shown in Table 7. Accuracy in initial 
stops production decreases with the visibility of the places of articulation.  
Table 7. Place error of initial stops of CI children 
   Place   
  Labial   Alveolar   Velar  
 p p
h 
t t
h 
k k
h 
Percentage error (%) 0 12.7 7.8 12.8 38.5 35.7 
Total percentage error (%) 5.7 10.2 37.1 
Besides places of articulation, Cantonese initial stops are further divided into an 
unaspirated and aspirated series. The unaspirated stops include /p, t, k/ and their unaspirated 
counterparts are /p
h
, t
h
, k
h
/ respectively. Productions with correct aspiration feature were 
regarded as correct production with place errors ignored. The percentage error in 
unaspirated stops and aspirated stops are 5.4% and 21.2% respectively as shown in Table 8. 
Cantonese-speaking children with cochlear implantation had more errors in aspirated stops 
than their unaspirated counterparts.  
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Table 8. Aspiration error in initial stops production of CI children 
  Initial Stops  
Unaspirated Aspirated 
 /p/ /t/ /k/   /p
h
/ /t
h
/ /k
h
/  
Percentage error (%) 3.9 7.8 4.3 20.6 15.7 27.1 
Total percentage error (%) 5.4 21.2 
Table 9. Stops production with different vowel context in CI and normal children 
  
Vowel Context 
    Percentage error (%)    
CIS NS 
front 27.3 20.1 
central 21.4 20.7 
back 22.6 18 
In Cantonese, the vowel contexts were divided into three groups according to the 
places of articulation (front, central, and back). There is no previous study reported about 
the effects vowel context on stop consonant production in Cantonese. Percentages of errors 
in stop production with different vowel context of both CI and normal hearing children 
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were presented in Table 9. There is no statistically significant difference in the accuracy of 
stop production among different vowel contexts for both CI and normal hearing children.  
Discussion 
 Cantonese-speaking cochlear implant users with prolonged hearing experience were 
able to catch up with normal hearing children in stop production. The accuracy in stop 
production performance of CI users was similar to that of normal children with similar 
hearing experience. However, large between-subjects variability was found in stop 
production performance among the CI subjects. Three out of seven subjects in CIS group 
mastered all the initial stops investigated. The remaining four subjects used a variety of 
phonological processes in their stop production. The results in this study are consistent with 
many of the researches on cochlear implantation that substantial individual differences 
were found among CI children either in language or speech learning (Donaldson & Nelson, 
2000, Szagun, 2001). Miyamoto et al (1994) reported that length of implant use accounted 
for the most variance in speech perception performance of CI children. In this study, the CI 
experience was strictly controlled. However, prominent difference could still be observed 
among the subjects in CIS group. This indicates further investigation on contributing 
factors should be investigated. Pisoni & David (1999) investigated the individual 
differences in effectiveness of pediatric cochlear implant users. They argued that age of 
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implantation and length of deafness, communication mode, neural and cognitive processing 
operations affect outcome performance. In this study, all the subjects in CIS group were 
implanted prelingually and they all adopted oral communication. Therefore, the neural and 
cognitive processing mechanism applied by the CI users should be one of the very 
important contributing factors for the outcome performance. Discussion on neural system is 
out of the scope of this study. Further investigation on neural processing strategy of CI 
children are required to improve the effectiveness of cochlear implants in children.  
Apart from the between-subjects variability discussed, the results in this study also 
suggest that errors existed in the stop productions of the CI children were much more 
inconsistent than that in the normal hearing children. Such within-subject variability in 
speech production of CI children severely affects their intelligibility in speech. However, 
the inconsistency of errors is not usually revealed by the assessment battery used with 
phonologically disordered children. Knowing more about the consistency of error 
production is important for decision making on target choice in intervention. Some 
inconsistency occurred between the correct target phoneme and an error form is positive 
since it indicates that the phonological system is developing. However, inconsistency with 
multiple error production poses theoretical problem of how to account for the error patterns 
and intervention planning.  The current data suggest that inconsistency of multiple error 
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production in stops productions was much greater in CI children than in normal hearing 
children before the particular sound was fully acquired. This within-subject variability 
found can be explained by the low-quality auditory input and the effect of language 
learning environment. Firstly, their mental representations of words were not fully specified 
with the deprived auditory sensitivity. For example, the word “拋” (throw) represented as 
[plosive-au] as opposed to a fully represented specification [aspirated labial plosive-au]. 
The range of consonant produced would vary within a constrained range. Secondly, 
caregivers and teachers usually attempt to seek meaning in the hearing impaired children‟s 
speech. When the children‟s speech is in context, caregivers and teachers often understand 
what the children intend to communicate rather than the exact words. In this case, 
children‟s words can be understood even though they pronounce in an inconsistent and 
inaccurate way. They then fail to learn that consistency of word production is essential for 
intelligibility. Therefore, providing training program for both caregivers and teachers to 
encourage consistency in speech production is important in enhancing intelligibility of 
children with inconsistent speech production (Dodd, McCormack, & Woodyatt, 1994).  
The acquisition pattern of CI children followed the developmental trend in normal 
hearing children. This supports the findings in So & Dodd (1995) and Cheung (2000). 
However, CI subject in this study made some unusual processes which were not reported in 
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the previous studies. These unusual processes are /h/ replacement of aspirated initial 
consonant (/k
h
/[k]), labilization (/k/[kw]) and nasalization (/p/[m]). Normal 
developing Cantonese children establish the feature of [-continuant] (plosives /p, t, k/) first 
and rapidly followed by the feature of [+spread] (Wong & Stokes, 2001). CI children 
attempted to keep [+spread] feature in the aspirated initial stops, however, they were not 
able to linked the [+spread] features to the place nodes. This resulted in production of /h/ in 
replace of aspirated initial stops. On the other hand, hearing impaired children rely on 
visual cues in acquisition of speech sounds. With deprived and distorted auditory input, CI 
children do not perceive speech sounds with high quality acoustic information. It was 
reported by Campbell, Dodd, Burnham (1998) that hearing impaired people could identify 
61-80% word correctly through speechreading. With such ineffective speech perception 
ability, additional articulatory gesture might be added as speech sound usually occurs in a 
series of gestures.  CI children in this study inserted an additional articulatory gesture (lip 
rounding) in velar stops production, resulting labilization in stop production. For the 
occurrence of the phonological process nasalization, it could also be explained by their 
learning strategy. CI children acquire the articulatory gesture through visual input, however, 
their auditory input was deprived and the acoustic information was distorted. CI children in 
this study produce /p/ sound with accurate articulatory gesture, but inaccurate manner 
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which highly depends on the acoustic information for discrimination.  Thus, /p/ was 
produced as [m] because of the inability in receiving sufficient acoustic information to 
discriminate the nasal quality.  
 Research suggested that English-speaking hearing impaired children were found to 
have more complete initial consonant inventories than their final consonant inventories 
(Abraham, 1989). The opposite pattern was observed in the hearing impaired Cantonese-
speaking participants in the present study. The current results support the findings in Law 
& So (2006). The difference between English- and Cantonese- speaking children with 
hearing loss may be attributed by the languages‟ different phonological and syntactic 
structures (Dodd & So, 1994; Law & So, 2006). A broad range of final consonants and 
clusters are present in English, with some of which are syntactic markers showing 
possession, tense, and plurality. In Cantonese, there are only six syllable-final consonants 
without any syntactic markers. Therefore, less linguistic information is carried by word-
final segments in Cantonese. Crystal (1987) suggested that a child with phonologically 
disorder is more likely to make phonological errors in a more complicated syntax. The 
relatively better performance in final consonant production of the Cantonese-speaking 
hearing impaired children can then be explained by the fewer number of word-final 
segments and the absence of word-final syntactic markers. 
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 CI subjects in this study have better performance in aspirated stops than the 
unaspirated counterparts. Cantonese distinguishes initial plosives in terms of their 
difference in place of articulation. With the same places of articulation (labial, alveolar, and 
velar) in English and Cantonese, Cantonese stops are further distinguished on the basis of 
the presence of absence of aspiration, instead of voicing in English. (Bauer and Benedict, 
1997) In English, the presence or absence of aspiration do not represent different phonemes. 
In Cantonese, all stops are voiceless and are dichotomized into aspirated stop and their 
unaspirated counterparts. The articulatory difference between Cantonese aspirated and 
unaspirated stops can be described in terms of voice onset time (VOT). Voice onset time is 
the duration of the period between the release of closure and the onset of voicing. In 
Cantonese, unaspirated stops have a short lag time while aspirated stops have a long lag 
time along the VOT continuum. For aspirated stops, the glottis remains open when the oral 
tract opens until the plosion phase is complete. Aspiration noise, which is the breathy noise 
generated when air passes through the partially closed vocal folds and into the pharynx, 
will be present during the interval between the release of closure and vowel onset. If the 
glottis adducts immediately after plosion, the stop produced will be aspirated. Tsui & 
Ciocca (2000) suggested that presence or absence of aspiration noise was an important cue 
for normal listeners in the perception of aspiration. It was reported that the hearing-
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impaired listeners were less sensitive than normal listeners to the presence of aspiration 
noise. The poorer performance of CI users in the aspirated stops than the unaspirated stops 
can be explained by the deprived sensitivity in perceiving important acoustic signal for 
aspiration contrast.  
Dubno, Dirk, & Schaefer (1987) reported that hearing-impaired listener have better 
performance in consonant recognition for stops with /a/ and /u/ context, while poorer in /i/ 
context. However, Donaldson & Kreft (2006) argued that cochlear implant users have 
better consonant-recognition performance in back vowels than that in front vowels. 
However, there is no significant difference in performance of stop production among 
different vowel context for both CI subjects and normal subjects. With proved correlation 
between speech production skills and speech perception skills in cochlear implant users 
(Tye-Murrary, Spencer, & Woodworth, 1995), results in this study does not support the 
pattern reported in English neither by Dubno, Dirk, & Schaefer (1987) nor Donaldson & 
Kreft (2006). This can be explained by the difference between the Cantonese and English 
phonology system. Cantonese is a tonal language where relative change in tone is lexically 
significant and thus phonologically contrastive. Therefore, production of a Cantonese word 
is not only affected by consonant and vowel, but also by the tone. Less linguistic 
information was carried by vowel in Cantonese than in English. According to argument 
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presented by Crystal (1987), it is not surprising that there is no substantial difference in 
Cantonese consonant production in different vowel contexts.  
Conclusion 
Cantonese-speaking hearing impaired children with prolonged use of cochlear 
implant should be able to catch up with normal hearing children in stop production. 
However, substantial between-subjects and within-subject variability were found in stop 
production. The children with cochlear implanted showed multiple error production before 
the particular phoneme was fully acquired. Future development on individual variation 
within the population of cochlear implant users could be helpful in identifying individual 
problem areas and intervention planning.  
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Appendix 
Item list for the 75 pictures in the picture naming task 
Item 
no. 
Phonetic 
transcriptions 
Word 
meaning 
 Item 
no. 
Phonetic 
transcriptions 
Word 
meaning 
 Item 
no. 
Phonetic 
transcriptions 
Word 
meaning 
1. /kɐi55/ chicken  27. /ti25/ bag  53. /pat2/ eight 
2. /ʊk5/ house  28. /p
h
au25/ run  54. /pei22/ nose 
3. /pɔ55/ ball  29. /tai22/ big  55. /p
h21/ grandma 
4. /pun55/ move  30. /ku25/ dog  56. /jit2/ hot 
5. /p
h
iŋ21/ apple  31. /pui55/ cup  57. /kk3/ horn 
6. /t
hɔŋ25/ candy  32. /pŋ25/ biscuit  58. /p
h
a21/ creep 
7. /t
h
im21/ sweet  33. /jip2/ leaf  59. /tin22/ electricity 
8. /ku25/ drum  34. /ts
h
it3/ cut  60. /kou55/ tall 
9. /t
h
in55/ sky  35. /t
hi55/ ladder  61. /tu21/ head 
10. /tɔ55/ many  36. /jk2/ medicine  62. /tip2/ plate 
11. /tyun25/ short  37. /(ŋ)ap3/ duck  63. /t
h
ou33/ rabbit 
12. /kŋ25/ neck  38. /ht3/ thirsty  64. /kk3/ leg 
13. /t
h
ai55/ tie  39. /k
h
ei21/ flag  65. /p
h
ak25/ clap 
14. /k
h
a55/ carriage  40. /sp2/ ten  66. /t
hi25/ table 
15. /k
hɐt5/ cough  41. /tuŋ33/ cold  67. /t
hŋ55/ hear 
16. /piu55/ watch  42. /tŋ55/ nail  68. /k
h
ei23/ stand 
17. /p
h
 uŋ25/ hold  43. /p
h
ou23/ hug  69. /ku55/ mushroom 
18. /k
huŋ21/ poor  44. /pt5/ pen  70. /k
h
at55/ card 
19. /hɐp5/ box  45. /pau55/ bread  71. /tsk3/ bird 
20. /tit3/ fall  46. /k
hk5/ curve  72. /p
h
ei23/ quilt 
21. /piŋ55/ ice  47. /tŋ55/ lamp  73. /t
h
iu33/ jump 
22. /t
h
ip2/ stick  48. /k
h
ei25/ chess  74. /kŋ33/ mirror 
23. /tou55/ knife  49. /pa55/ dad  75. /p
h
iu55/ flutter 
24. /tan25/ egg  50. /k
hm21/ piano  76. /pak2/ white 
25. /k
h21/ ride  51. /lk2/ six     
26. /kei55/ machine  52. /sik2/ eat     
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